Association of Colonoscopy With Risk of Appendicitis
Appendicitis can occur after a patient undergoes a colonoscopy, 1 but because both are common, it is unclear whether a colonoscopy increases appendicitis risk. We hypothesized that patients develop appendicitis more frequently within 1 week after undergoing a colonoscopy than during the following 51 weeks.
Methods | After obtaining approval and a waiver of informed consent from the University of North Dakota and Fargo Veterans Affairs Medical Center institutional review boards, we identified 392 485 veterans from US Department of Veterans Affairs administrative data with a screening colonoscopy Current Procedural Terminology (CPT) code between January 2009 and June 2014, excluding sigmoidoscopy or incomplete colonoscopy codes. We sought over the following year a CPT code for appendectomy, an International Classification of Diseases, Ninth Revision (ICD-9) code for appendicitis, both CPT and ICD-9 codes, or the appendectomy CPT code with a discharge diagnosis of appendicitis. We calculated the incidence rate ratio (IRR) for appendicitis within 1 week after undergoing a colonoscopy and for the following 51 weeks. χ 2 Statistics and 95%
confidence intervals were calculated.
Results | Appendicitis or an appendectomy were coded more frequently 1 week after a colonoscopy than during the following 51 weeks (Table) . Age subgrouping did not change this, and appendicitis was not increased in weeks 2 to 4 (data not shown). By contrast, appendectomy was not increased 1 week after a bronchoscopy, knee replacement procedure, cataract surgery, or knee arthroscopy in the cohort (Table) .
Recognizing the challenges of administrative data, we reviewed records from each patient that were CPT-coded for appendectomy. Eliminating patients with appendiceal neoplasms, incidental appendectomies, or no appendectomy in the operative note, we included only patients with surgical and histologic findings that were consistent with appendicitis except for 2 patients outside the first week with clear operative descriptions of acute appendicitis but unavailable pathology reports. Only 12 patients (74%) who were administratively identified as having undergone an appendectomy actually developed appendicitis 1 week after undergoing a colonoscopy. None had appendiceal or cecal biopsies, appendicoliths, or perforated appendicitis. Seventy-nine administratively identified patients (77%) actually had appendicitis over the following 51 weeks. Considering only validated patients from the CPTbased strategy yielded an IRR of 6.8 (95% CI, 3.4-12.6) for appendicitis within a week after colonoscopy (P < .001). Five patients (42%) with appendicitis in week 1 had preexisting symptoms that were investigated by a colonoscopy. Even excluding these yielded an IRR of 4.5 (95% CI, 1.8-9.8; P < .001). 
Letters
Discussion | Although "healthy user biases" can select individuals who are more likely to use subsequent health care for other reasons, 2 these biases seem unlikely to explain our results because we compared appendicitis 1 week after a colonoscopy with subsequent appendicitis in the same individuals. Nor is appendicitis a diagnosis like hypertension that would be more likely to be an incidental finding on a precolonoscopy history and physical examination. Patients seek medical attention more frequently after undergoing a colonoscopy for colonoscopy-related complaints including bleeding, bloating, and pain, 3 so one could hypothesize that an increased likelihood of complaining of abdominal symptoms might increase the likelihood of diagnosing appendicitis, but all of the index cases of appendicitis in the final analysis were pathologically confirmed, so these were not false-positive diagnoses. Appendicitis may sometimes resolve spontaneously, but the rate at which this occurs is difficult to distinguish from the resolution of abdominal pain during conservative management that was not appendicitis. Older studies that reported frequent nonsurgical resolutions used antibiotics that effectively treat much appendicitis. 4 While the actual IRR may differ and absolute risk is low, these results suggest that undergoing a colonoscopy predisposes patients to appendicitis within 1 week. The mechanism of this effect awaits elucidation. One patient developed symptoms after cleanout before the procedure. Some bowel preparations can precipitate ischemia 5 or alter the microbiome, 6 so the effect of bowel preparation also warrants exploration. Further mechanistic studies may identify patients who are at higher risk or elements of the bowel preparation or procedure that could be changed to decrease the risk. In the interim, however, these results suggest that there is increased concern for the development of appendicitis among patients with persistent right lower quadrant pain after undergoing a colonoscopy. . The authors proposed a new prognostic score for patients with ICC after hepatectomy. As their conclusions are different from previous studies, this may result in controversy about management of these patients. Therefore, this issue deserves further discussion. First, the authors indicated that vascular invasion is not a poor prognostic factor for patients with ICC, which is contrary to previous studies. 2 Moreover, the prognostic nomogram constructed by Yeh et al 3 has been validated by 3 external populations. We considered that there were some potential confounders affecting the authors' conclusion. We noted that there were 53 patients who underwent adjuvant chemotherapy and 20 patients with lymph node-positive metastases in a subgroup of patients with tumors that were intrahepatic, small (<7 cm), and solitary (ISS). This means that most of the other 119 patients without lymph node-positive metastases had disease belonging to stage I according to the American Joint Committee on Cancer TNM staging systems. However, adjuvant chemotherapy not only failed to improve survival but might even have promoted tumor recurrence for patients with ICC at stage I. 4 Therefore, adjuvant chemotherapy may counteract the relatively better prognosis of patients with significantly less vascular invasion in the ISS subgroup. Second, there were 14 patients with ablation in both the ISS and extrahepatic extension, large (>7 cm), and multifocal (ELM) subgroups. We do not consider that ablation belongs to the category of surgery. Therefore, it is not appropriate that the ablation is included in the extent of hepatectomy. Moreover, ablation is most efficacious in treating smaller tumors (≤3 cm), and it is difficult to achieve complete ablation when the tumor size exceeds 5 cm. 5 We surmise that ablation may provide more significant local tumor control for patients in the ISS subgroup than those in ELM subgroup. This may potentially influence the authors' result. Third, resection margin status was not mentioned in the study, and a previous study 3 demonstrated that negative 
